The question of possible hereditary factors in disseminated sclerosis has been a matter of controversy for a long time and no general agreement has yet been reached.
The earlier neurologists, such as Charcot in France, Gowers in this country, Strumpell and Eduard Muller in Germany, considered that an endogenous or constitutional factor played a role in the etiology of the disease. According to McAlpine et al. (1955) the earliest authoritative reference to familial prevalence of disseminated sclerosis appears to have been made by Gowers, who in 1893 wrote 'direct heredity or the affection of two brothers or sisters has been noted in a few instances, but is quite exceptional'.
In 1933 Curtius published his monograph, 'Multiple Sklerose und Erbanlage', a pioneer work, which greatly stimulated the interest in the problem of possible genetic factors in this disease. Curtius (1933) , and later with Speer (1937) , stated that he found a much higher frequency of secondary cases in relatives of patients with disseminated sclerosis than among relatives in a control series and in the general population, and claimed that the genetic constitution was of great importance in its oetiology. In his monograph he also reviewed the familial cases of disseminated sclerosis previously reported in the literature.
In 1936 Thums reported on his study of an unbiased series of twins. All the monozygotic pairs of twins were at the time of his first report discordant in regard to disseminated sclerosis. His conclusion was the opposite of that of Curtius. He claimed that genetic factors played an unimportant role in disseminated sclerosis and that the disease is 'im wesentlichen eine Umweltkrankheit' (1939) . I shall later be referring to Thums' subsequent studies (1952) . McAlpine (1946) , in an extensive study of 142 cases of disseminated sclerosis, reported eight examples of familial incidence -6 sibling pairs and two parent-child groupsand he stated that the familial prevalence was significant and that an inherited constitutional factor might render an individual more susceptible to the disease.
A comprehensive review of the familial cases of disseminated sclerosis reported in the literature was given by Mackay (1950) , who concluded that the 'acceptable' instances numbered 79, with an aggregate of 177 affected persons. To these he added 5 instances of his own, including 11 persons (three brothers and 4 pairs of siblings), making a total of 84 family groups and 188 persons. In a few of these cases autopsy reports were available in one patient in a family, and in very few in more than one.
Pratt et al. (1951) accepted reports in the literature of 184 instances of disseminated sclerosis in more than one member of a family. In a total of 310 personal cases the familial prevalence was 6 5%. On an estimated prevalence of disseminated sclerosis in the population of England and Wales of roughly 1 per 2,000 the observed prevalence of the disease in siblings and in parents was significantly higher than expected, the risk of contracting the disease being approximately eighteen times greater in the siblings and thirteen times greater in the parents of affected patients than in the general population. The authors concluded that a genetic factor is present in disseminated sclerosis which may allow the wtiological factor or factors causing the disease to act more readily.
In his series of 750 probands Muller in Sweden (1953) found that 27, or 3-6%, had some close relative (parent, sibling or child) with disseminated sclerosis. The incidence of the disease in the parents was 0 3 %, in the siblings 1 0 %, and in the children 2-3%. Muller's conclusion was, however, that the available data gave no support to the concept that genetic factors are active in disseminated sclerosis. But he commented that this does not imply that genetic factors, in the wider application of the term, lack importance.
In their survey of disseminated sclerosis in Northern Ireland, found 44 families with two or more members affected out of a total of 668 families, an incidence of 6-58 %. The incidence of the disease in the siblings of the propositi was 5 to 15 times greater than the prevalence rate in the general population. Sutherland (1956) reported that no less than 11 % of the cases of disseminated sclerosis in the Scottish islands were familial (14 of 127). In his series, 1-3 % of the siblings of the patients were affected. He suggested that the high prevalence rate he had observed in these islands was linked with this exceptionally high familial incidence. In Hyllested's series from Denmark (1956) at least 44 of 11,924 siblings (0 4 %) were thought to be affected.
In a recent unpublished study from Norway, Oftedal (1960) found a prevalence of disseminated sclerosis in Vestfold, a district near the Oslo fjord, of 82 per 100,000 (in a total population of 155,000). There were seven times as many cases of the disease among the siblings of the patients as in the population at large.
The familial incidence of disseminated sclerosis can hardly be explained on the basis of a common environmental factor. An important fact supporting this is the rarity of conjugal disseminated sclerosis. found no example of conjugal disseminated sclerosis in their series. They quoted Steiner (1938) (1951) are of special interest. In a brother and sister a progressive course was observed, simulating a familial degenerative disorder. A postmortem examination in the sister, however, revealed typical lesions of disseminated sclerosis in the brain, brain-stem, and spinal cord.
In another family the mother and 4 out of 5 daughters who survived to adult life were affected. Post-mortem examination established the diagnosis of disseminated sclerosis in two of the daughters.
In a third family the disease occurred in three generations. There were no post-mortem examinations, but the findings and the course with relapses and remissions strongly suggested a diagnosis of disseminated sclerosis.
The occurrence of disseminated sclerosis in 3 brothers with typical histories and typical findings and with autopsy in one of them, has recently been reported by Nayrac et al. (1954) . Disseminated sclerosis in a mother and two daughters was reported by Koslow (1957) . The diagnosis was verified by post-mortem examination in one of the daughters.
A survey of the later results of genetic studies in disseminated sclerosis was given by Curtius (1959b).
Discussion
After this brief introduction, I shall discuss some of the problems facing us in regard to possible hereditary factors in disseminated sclerosis.
First of all, no disease is actually inherited. The so-called hereditary diseases are always the result of an interaction of genes and environmental stimuli. It has rightly been said that the antithesis of hereditary and non-hereditary characters is a theoretical simplification. 'Heredity can not operate in a vacuum, and we can not hope adequately to understand the action of hereditary factors in the development of any trait, pathologic or normal, except in the framework of the environment in which the factors attain expression. Knowledge of the extent to which genetic factors are involved, and of the mechanisms through which they are expressed, is essential to a complete understanding of the natural history of any disease.' (David & Snyder 1954) .
There is a continuous spectrum; at one end we have diseases which are primarily genetic, at the other we have diseases which are primarily environmentally determined.
The necessary and sufficient criteria for establishing that genetic constitution is significant in the oetiology of a disease, have recently been discussed by David & Snyder (1954) and briefly summarized as follows:
'For the identification of conditions dependent on single-gene substitutions with regularly manifested pathologic effects [I would like to underline: "singlegene" and "regularly manifested pathologic effect," i.e. complete penetrance], it has been more or less tacitly agreed that the postulated single-gene mechanism is plausibly demonstrated if the following criteria are met: (a) statistical agreement with Mendelian expectancies in respect to familial incidence and population frequencies; (b) complete concordance in monozygotic twin pairs; and (c) either an elevated rate of parental consanguinity, in the case of presumed autosomal recessive determination (when the condition is rare), or appropriate pedigree patterns for presumptive dominant or sex-linked transmission.'
If we are dealing with a condition with a more complicated hereditary mechanism, depending on a gene with incomplete penetrance or depending on more than one gene (or one pair of genes), the requirements just mentioned cannot be applied.
The frequency of disseminated sclerosis in near relatives of patients with the disease has been found by many investigators to be much higher than might be expected by chance. The objection, however, has been raised that the increased frequency found in relatives of patients with disseminated sclerosis may, in part, be due to differences in methods employed in determining the prevalence in relatives and in the general population. In other words: that the relatives of patients with disseminated sclerosis might have been subject to a more careful survey than that employed in the general population. The difficulty of distinguishing such hereditary diseases as spinocerebellar ataxia, spastic spinal paralysis and diffuse sclerosis from disseminated sclerosis has also been emphasized.
An increased rate of consanguinity of parents of patients with disseminated sclerosis over the general rate of consanguineous marriages in the same region has been found by some investigators, but not by others. (For references see Kurland et al. 1955 and McAlpine 1957.) This question thus needs further clarification.
In a re-examination of his unbiased series of twins Thums (1952) found only one monozygotic pair concordant with regard to disseminated sclerosis, while 12 monozygotic pairs were found to be discordant. Curtius and others (e.g. Behnke and Gruelund 1957) have stressed that there may be a great difference in the age of onset in the twins and therefore, discordance cannot be considered as final until the co-twins have reached the age limit of likely manifestation of the disease. In a review of monozygotic pairs from the literature (including Thums' series) Curtius (1959b) found 14 concordant (including 3 questionable) and 24 discordant, and concluded that the presence of 'weak genes' must be assumed to contribute to the disposition towards disseminated sclerosis.
The validity of conclusions drawn from reported cases in the literature is questionable because of the bias of selection. They will usually represent a selection of interesting cases, with a tendency to report monozygotic twins rather than dizygotic, and concordance rather than discordance.
In a study of 29 pairs of proved monozygotic twinships with what they called 'definite disseminated sclerosis', Mackay and Myrianthopoulos (1958) found full concordance in only 2 pairs, while there was full concordance in only 1 pair of 25 pairs of dizygotic twinships, by the most rigid of diagnostic standards. Diagnostic standards sufficiently liberal to accept neurologic abnormalities consistent with, but inadequate for, the diagnosis of disseminated sclerosis, suggested concordance in 7 out of 29 monozygotic pairs, and in 4 out of 25 dizygotic pairs of twins. The type of zygosity in each twinship was determined by an objective method described by Smith & Penrose (1955) , utilizing a wide constellation of blood groups, fingerprints, and several anthropometric measurements. Such criteria for diagnosis of zygosity have not been employed in many rrevious twin studies.
The difference in concordance rate between the monozygotic and dizygotic twin pairs was interpreted as being not significant and thus not constituting conclusive evidence that genetic factors operated in the causation of the disease.
Twin studies per se have thus failed to reveal a definite hereditary pattern in disseminated sclerosis; however, the increased incidence in other members of the families of the twins as compared with the population at large may suggest the operation of some genetic factor in the causation of disseminated sclerosis. Depending on the rigidity of diagnostic standards 0 99 to 1 62 % of the relatives investigated were found by Myrianthopoulos and Mackay (1960) to have disseminated sclerosis. This is 20-0 to 32-26 times higher than the prevalence rate of the disease in the general population (see Table 1 ). Myrianthopoulos and Mackay (1960) , after analysis of the data of 1,1 12 relatives of their twin patients, concluded that these could be explained by the hypothesis of autosomal recessive inheritance with reduced penetrance, but that this hypothesis must not be taken as proven or as the only one that could explain the data. They surmised that environmental, probably climatic and geographic factors may play a considerable role in suppressing the penetrance of the genetic factors.
The reported higher incidence of disseminated sclerosis in temperate zones compared with tropical regions, and the absence of any distinct racial selection in the communities systematically surveyed (as pointed out by Kurland,& Westlund 1954 , Kurland et al. 1955 , and Alter et al. .1960 suggest that some unrecognized environmental factors play a significant role. Disseminated sclerosis, as we know it, may well include several disease entities, the most common of which is primarily environmentally determined and a relatively uncommon form which may be primarily genetic.
The last word regarding hereditary factors in disseminated sclerosis has not yet been said, and further extensive studies in this field are still required.
Ophthalmic Aspects of Demyelinating Diseases by Professor G I Scott FRCSEd FRSEd (Edinburgh) I have selected for discussion 65 cases of disseminated sclerosis, 12 cases of neuromyelitis optica and 3 cases of acute bilateral optic neuritis of obscure etiology, seen in the Department of Ophthalmology of the Royal Infirmary of Edinburgh and by my neurological colleagues.
DISSEMINATED SCLEROSIS
The 65 cases of disseminated sclerosis consisted of 30 men and 35 women, the average age at the time of the follow-up examination in 1960 being 45 years in the men and 39 years in the women. These cases were reviewed to ascertain the incidence of changes in the peripheral retinal veins in established cases of the disease, but there are certain other ophthalmic aspects of interest. The incidence of the principal ophthalmic findings which I shall discuss is shown in Table 1 . 
Optic Neuritis
In 16 of the 20 patients the neuritis was retrobulbar; in 12 of these the condition only affected 1 eye and in 3 there were recurrent attacks in the same eye over a period of years. There was only 1 patient in this series with evident cedema of the disc.
In 3 cases the onset was insidious with progressive impairment of visual acuity.
Prognosis for vision: The outcome as regards ultimate visual acuity, even after repeated attacks of retrobulbar neuritis, was surprisingly good in this group of patients. In those with typical attacks of acute retrobulbar neuritis (16) the ultimate visual acuity was 6/12 to 6/6 and N 5 at reading distance in every case. The 1 patient with acute papillitis in one eye made a slow recovery over a period of ten months from perception of hand movements to 6/24 and N 8. The 3 patients in whom the onset was insidious and progressive suffered severe impairment of vision (Table 2) . 
